In the field of thermoelectrics, the figure of merit of new materials is based on the electrical conductivity, thermoelectric power, and thermal conductivity of the sample, however additional insight is gained through knowledge of the carrier concentrations and mobility in the materials. The figure of merit is commonly related to the material properties through the B factor which is directly dependent on the mobility of the carriers as well as the effective mass.
INTRODUCTION
The efficiency of thermoelectric generators is well known to be dependent on the electrical conductivity, thermoelectric power, and thermal conductivity of the materials forming the n-and p-legs of the module. Analysis of thermoelectric materials based on a one band model [1] shows the importance and interrelationship of the electrical conductivity, thermoelectric power, and the electronic contribution to the thermal conductivity. It also shows the relationship between these material parameters and the position of the Fermi energy level relative to the band edge. Based on these formulae, more information can be extracted from the data by adding the measurement of Hall effect, and determining the carrier concentration. The electrical conductivity for the oneband model for the conduction band (n-type materials) gives ( ) 
where µ x is the mobility in the x direction, * n m is the density of states effective mass, k B is Boltzmann's constant (8.616×10
-5 eV/K), T is temperature, h , is Plank's reduced constant, q is the electronic charge (1.602×10 -19 C), and From (1) it is also seen that the carrier concentration can be written as
The thermoelectric power (absolute Seebeck coefficient) for this n-type material is given by
and the thermal conductivity consists of an electronic contribution, κ e , and a lattice contribution, κ L as 
where s is the scattering parameter. For lattice scattering in a non-polar material s = 0, in a polar material s = ½, and for ionized impurity scattering s = 2. For a given value of s, (4) shows that the position of the reduced chemical potential relative to the conduction band edge can be determined. When the result of this is used in (3) to calculate F 1/2 the measured carrier concentration can be used to calculate the effective mass, * n m . The measured carrier concentration can also be used for calculating the mobility, µ x from equation (1) . The combination of these values can then be used in (5) for determining the electronic contribution to the thermal conductivity.
This shows that the Hall effect measurement is of significant importance and utility toward a more thorough understanding of the material parameters.
S8.35.2 EXPERIMENTAL
A Hall Effect System has been developed to obtain parameters that can provide further insight into understanding new thermoelectric materials. The system provides parameters of electrical conductivity, mobility and carrier concentration. The system can test two samples during each run and collect data over a temperature range of 80-400K. The magnetic field is set up with an electromagnet that is also computer controlled up to 6000 gauss.
Samples have been prepared in the recommended manner [2] to account for undesired effects that arise due to temperature gradients and misalignment of electrical contacts made to the test specimen. Measurements are taken in four configurations of the electrical current and magnetic field as indicated in Figure 1. The measured values are then combined as:
One mil diameter copper wires (0.001") were used for electrical connections and either indium soldered or silver pasted to the sample. 
Averaging the results, the Hall voltage is determined.
SYSTEM CHARACTERIZATION The Hall effect system has been calibrated by testing reference samples for electrical conductivity, mobility and carrier concentration over the temperature range of 80-400K. For electrical conductivity, references include stainless steel, purchased and certified from the National Institute of Standards and Technology, Nickel (6N pure), bismuth (6N pure),indium antimonide (n = 6.2×10 14 ). InSb and bismuth were also used to verify mobility and carrier concentrations, and tested under a 0.58 T magnetic field. For electrical conductivity, stainless steel was tested and compared with NIST data with less than 4 percent error. Bismuth and InSb were also tested, with the InSb sample having a carrier concentration similar to that found in the literature [3] , and [6] . Bismuth was also tested with good agreement to the literature [5] . Reference data for InSb and Bi were extracted from plots, so the actual values are not known precisely. Although the measured and reference data show to match well, this attributes to slight deviation when comparing results. The mobility of InSb and Bi samples were determined from the Hall coefficient and electrical conductivity measurements as shown in Figure 3 . 
S8.35.5
Finally, carrier concentrations are compared for InSb and Bi to the literature values. The reference data taken for InSb shows the same trend, however the doping concentration is slightly different from that of the reference data. 
NEW THERMOELECTRIC MATERIALS
New thermoelectric materials composed of Ag-Pb-Te-Sb have also been characterized. A separate system [4] that yields thermopower, thermal conductivity, and electrical conductivity was also utilized for these samples. The electrical conductivity, mobility, and carrier concentrations are shown in Figures 5, 6 and 7. Carrier concentration (cm^-3)
Temperature (K) Figure 6 . Carrier concentrations for the samples shown in Figure 5 .
S8.35.7
The electrical conductivity, and thermopower for Sample #1 were also measured on a separate system, and found to be in very good agreement as shown in Figure 7 . The density of states effective masses calculated for the three scattering cases are shown in Table 1 for T = 300K, and are comparable or slightly larger than the value for PbTe (0.17m o ) [7] . 
CONCLUSIONS
The use of Hall effect measurements in the analysis of heavily doped semiconductors, such as those commonly used in thermoelectrics, is of great benefit toward a better understanding of the fundamental material properties. Results from a new Hall effect system for reference samples, and some new chalcogenide based materials has been shown.
